Fluorosilicone o-ring aging studies were performed. These studies examined the compressive force loss of fluorosilicone o-rings at accelerated (elevated) temperatures and were then used to make predictions about force loss at room temperature. The results were nonArrhenius with evidence for a lowering in Arrhenius activation energies as the aging temperature was reduced. The compression set of these fluorosilicone o-rings was found to have a reasonably linear correlation with the force loss. The aging predictions based on using the observed curvature of the Arrhenius aging plots were validated by field aged o-rings that yielded degradation values reasonably close to the predictions. Compression set studies of silicone orings from a previous study resulted in good correlation to the force loss predictions for the fluorosilicone o-rings from this study. This resulted in a preliminary conclusion that an approximately linear correlation exists between compression set and force decay values for typical fluorosilicone and silicone materials, and that the two materials age at similar rates at low temperatures. Interestingly, because of the observed curvature of the Arrhenius plots available from longer-term, lower temperature accelerated exposures, both materials had faster force decay curves (and correspondingly faster buildup of compression set) at room temperature than anticipated from typical high-temperature exposures. A brief study on heavily filled conducting silicone o-rings resulted in data that deviated from the linear relationship, implying that a degree of caution must be exercised about any general statement relating force decay and compression set. 
Introduction
Polymers are widely used in weapon components. They are known for their aging and degradation problems, and have been an ongoing source of stockpile reliability problems even when service life is relatively short. Lifetime extension to the 40-60 year range puts us in the position of answering questions on a time scale not normally known or even considered for commercial applications of polymers. Past lifetime prediction estimates for stockpile materials and components involved qualitative methods (mostly based on the Arrhenius approach), which are now known to be dangerous in many instances. As such, lifetime prediction techniques for polymeric materials need substantial refinement. In addition, for both predictive and confirmatory purposes, new and improved approaches for monitoring materials in stockpile must be developed to assist on-going surveillance efforts. A significant general challenge for aging studies of polymers as well as other weapon materials involves the difficulty in obtaining new materials equivalent to the materials originally installed in weapons several decades ago. This means that predictive methods must be developed which do not depend upon access to such often-unavailable samples. This project focused on addressing the above issues concentrating on o-ring materials which are of critical importance for several stockpile systems.
Aging issues associated with o-rings have been the focus of an extensive amount of work in our group over a multi-year period. O-rings that must maintain a seal under static conditions are used in a number of applications. Often these o-rings need to maintain a seal for extended times, ranging from years to decades. Previous work has focused on o-ring materials made of butyl or ethylene propylene diene monomer (EPDM) materials and has led to a better understanding of o-ring aging as well as a change in the way the weapon complex deals with certain types of o-rings. [1] [2] [3] This work directly extends from the previous knowledge gained in the weapon complex. 3 The focus of this work involves applying the lessons learned from the previous studies to new work involving the loss in sealing force associated with o-rings made from fluorosilicone material. While fluorosilicone is known to have significantly higher oxygen and water permeation rates compared to that of butyl or EPDM material, it is nonetheless used quite frequently as an o-ring material (Table 1) . Fluorosilicone (LS-53) ~1.5 x 10 -6 Sealing force is arguably the most important o-ring property. The simple measurement of the sealing force is a difficult task due to the fact that the elastomer will physically relax when placed under stress, such that the force will decay with time until it achieves an equilibrium sealing force. Reaching equilibrium typically takes an extensive period of time. A previous publication has discussed the possibility of over-compression as a means around this problem. 5 Previous work by our group has described the development of an empirical over-compression approach that led to estimates of the equilibrium sealing force of butyl o-ring materials in a reasonable timeframe. 2 In essence this involves removing the physical component of the elastomer relaxation 'quickly' so that the equilibrium sealing force can be estimated. It was discovered that this can be accomplished by over-compressing for a few days and then releasing to the desired level of compression. Testing the validity of this methodology for a fluorosilicone material was one of the goals of the current study.
Over the past several years, we have derived improved approaches for predicting lifetimes of o-rings based on developing compression stress-relaxation (CSR) methods. These methods eliminate diffusion-limited oxidation artifacts and allow more effective extrapolation to ambient aging temperatures. We then showed that the predicted results for the sealing force decay (the degradation parameter of fundamental interest) are in reasonable accord with compression set measurements taken on field-aged o-rings. We also derived a method for obtaining estimates of the sealing force on surveillance-removed o-rings. Finally a method was developed for quantitatively connecting sealing force decay with the more easily measured compression set results, leading to the on-going development of a viable surveillance approach. These studies were completed and publications written. 1, 2, 6, 7 The goal of this publication is to highlight analogous studies on fluorosilicone o-ring material that utilized the knowledge and techniques developed previously with the goal of predicting fluorosilicone lifetimes. The predictions are then compared to surveillance results for fluorosilicone o-rings aged for periods up to 25 years in the field.
Experimental
The material used in this study was a fluorosilicone rubber, LS-53 from Dow Corning Corporation. The o-rings were 3.5 mm (139 mils) cross section by 32.5 cm (12.8 inches) diameter (ID). Part # 267970 lot 266919, Mfg. code BFV, cure date early 1990. They were received in mid 1990 and stored in a benign environment, uncompressed in the original packaging. Force measurements were obtained on a Shawbury-Wallace Compression Stress Relaxometer (CSR) MK II (Wallace Test Equipment, Cryodon, England). Typical experimental procedure involved a commercial CSR jig which allowed the measurement of the sealing force for o-rings at various gap sizes. In each jig a circumferential section of the o-ring portion was cut into five pieces and the pieces placed in the jig such that there was a reasonable air gap remaining between each piece after the pieces were squeezed.
Results and Discussion

Equilibrium Sealing Force Studies
A long-term, room-temperature CSR experiment was initiated with fluorosilicone o-rings to demonstrate the lengthy time period required to reach physical relaxation. This was achieved by setting the gap size of the CSR jig to ~2.64 mm (~104 mils) which yielded ~25% compression of the o-ring. The subsequent force drop (physical relaxation) was measured as a function of time at room temperature ( Figure 1A ). Based on the nature of the jigs it was very difficult to achieve an average value of exactly the desired distance. As expected, even small differences in gap size resulted in rather substantial changes in the force ( Figure 1B) . Care was taken to achieve an average value as close to the desired value as possible, and often this involved multiple iterative attempts to achieve the desired gap size. Once the correct gap size was obtained, the force values were monitored as a function of time, and resulted in continuously dropping sealing force values. Even after 2 years the force was still dropping; only after ~2.5 years does the value appear to have reached a fairly stable value. This demonstrates the need for a technique for achieving the equilibrium sealing force value in a reasonable timeframe.
The over-compression technique developed for rapidly achieving the equilibrium sealing force for butyl materials 2 was applied to this fluorosilicone material. 8 The gap size for all the jigs was initially set at ca. 25% compression which is ca. 2.64 mm (104 mils). The force was measured for each jig as a function of time. A rapid decrease in the force was observed followed by a slower longer-term force decrease. After a number of days the o-rings were 'over compressed' to ca. 30%, e.g., to approximately 2.44 mm (96 mils). The samples were allowed to sit for two days, and then released back to the desired value of ~2.64 mm (~104 mils ±1 mil). Examination of the force curve as a function of time demonstrates the usefulness of the technique to rapidly achieve the equilibrium force ( Figure 2A ). The force value is relatively stable when examined over an extended time period of years ( Figure 2B ). Direct comparison of the simple compression and over-compression samples (for similar gap sizes) makes apparent the difference in timescales to achieve estimates of the equilibrium values ( Figure 3 ). It also validates the usefulness of the over-compression technique to rapidly achieve the equilibrium sealing force. The comparisons demonstrate that the equilibrium sealing force is the value obtained by this over-compression technique, and is the same value that would be obtained by simple compression if a long time period is allowed. The gap size for all the jigs was initially set at ca. 25% compression which is ca. 2.64 mm (104 mils). The force was measured for each jig as a function of time. A rapid decrease in the force was observed followed by a slower longer-term force decrease. After a number of days the orings were 'over compressed' to ca. 30%, e.g., to approximately 2.46 mm (97 mils). The samples were allowed to sit for around three days, and then released back to the desired value of 2.64 mm (104 mils±1 mil). This technique is illustrated graphically in Figure 4 for a single jig as sealing force and gap size versus compression time. Interestingly all six jigs yielded a very tight force range for the estimated equilibrium values ( Figure 5 ). It should be noted that numbers closer to the desired value for the gap size were achievable after the over-compression based on the measurements taken from the first squeeze, which undoubtedly is the explanation for the tighter data set after the over-compression. As can be seen from the sample with no over-compression, the time to achieve equilibrium values would have been extremely lengthy without the over-compression step. When a second o-ring was used in the study, it yielded similar but not exactly the same numbers, highlighting the variations (presumably in the equilibrium modulus value) from o-ring to o-ring ( Figure 6 ). When the data from the different o-rings are compared it is readily observed that there is some degree of scatter in the initial (10 day) force value. However, the percent drop in sealing force after the over compression cycle is roughly similar ( Table 2) . This demonstrates that while there is a real variance in the data, a general statement can be made that for fluorosilicone material under 25% compression, an approximate 20% drop in force is expected after 10 days due to continuing physical relaxation towards equilibrium of the virgin material.
Accelerated Aging
After the over-compression study was completed, a number of the samples were used as part of an accelerated aging study. The samples were aged at elevated temperatures to begin chemical degradation and the loss in force was monitored. It can be seen that by raising the temperature the force value of the o-ring rises dramatically ( Figure 7 ). This is a direct result of the coefficient of thermal expansion and other physical factors associated with the temperature change. The accelerated aging data utilized only the data obtained after the samples were placed at the elevated temperatures. The early elevated temperature results were extrapolated back to "time zero" at elevated temperature in order to get the initial force value at the elevated aging temperature (F 0 ). The resulting curves had similar shapes when plotted on a log time graph, which suggested that time-temperature superposition was possible. The time-temperature superposition was maximized for overlap between 70-80% force values and resulted in excellent overlap for all of the temperatures ( Figure 9 ). Depending upon how the data is perceived, multiple interpretations can be obtained from the data set; for example, three different lines can be drawn which lead to three very different predictions. They will all be discussed to demonstrate why long term and low temperature studies are of critical importance to any accelerated aging program. The first line (short dashed line), which ignores the 80 °C data set, demonstrates the danger in not taking data to the lowest temperature possible. The second (solid line) involves the best fit line to all the data obtained, which assumes linear Arrhenius behavior together with data scatter effects. Lastly, the third (long dashed line) assumes a mechanism change, and hence a change in the activation energy at 109 °C. The 109 °C and 80 °C data are used to fit the third line. Each one of these scenarios is graphed below to highlight the potential problems with accelerated aging studies.
Using just the high temperature data and ignoring the 80 °C data (using the short dashed line from Figure 10 ) results in predictions that suggest incredible lifetimes for fluorosilicone orings ( Figure 11 ). These predictions result in a time scale at 23 °C that comes from dividing the 109 °C time scale of Figure 9 by the 23 °C shift factor for the short dashed line (a T = 0.000926 as indicated on Fig. 10 ). Approximately 50% force loss is predicted at 23 °C in ~1000 years. Clearly this is wrong, but it demonstrates just how dangerous accelerated aging studies can be when they are incomplete and rushed. The second fit (solid line from Figure 10 ), which uses all of the data, results in much quicker drop in the sealing force with ~50% force value reached in ~100 years at 23°C. Although this prediction is closer to expectations, it disregards the obvious curvature in the Arrhenius plot of the shift results. This curvature is indicative of a mechanistic change in the degradation chemistry that appears to be occurring at lower temperatures. The best and most defensible approach is the one that takes advantage of the lower temperature data that is demonstrating curvature from linearity of the rest of the shift factor data. This prediction (long dashed line in Figure 10 ) is based solely on using the experimental shift factor difference between the 109 °C and 80 °C data sets ( Figure 13 ). This predicts that the force value reaches ~50% in ~20 years at 23 °C. Even lower temperature studies would be desirable in order to give a better 23 °C prediction; however, the time required at the lower temperatures was beyond the timescale and funding allotted for this project. The third approach used ( Figure 13 ) assumes the existence of non-Arrhenius behavior where the Arrhenius activation energy drops as the temperature drops. Such behavior turns out to be common and has been well documented by many recent careful studies that examined the large accelerated aging temperature ranges required to obtain compelling evidence for nonArrhenius effects. These include studies of a butyl o-ring, 1 a chloroprene cable jacket, 9 a chlorosulfonated PE cable jacket, 10 an HNBR elastomer, 11 a polypropylene, 12 and a nylon material. 13 Most previous literature and manufacturer studies that claimed to "confirm" Arrhenius behavior (no evidence of curvature) for many different elastomers and polymers utilized a limited temperature range where it would be difficult to see compelling evidence of non-linear effects.
Force Loss Correlated to Compression Set
Compression set can be defined as the 'shape change' (set) of an o-ring based on the aging in a compacted position (i.e. forming the seal). Mathematically it is defined as CS= [(t 0 -t f )/(t 0 -t w ]x100%
Where t 0 is defined as the original nominal thickness (o-ring cross section), t f is the measured final thickness, and t w is the nominal compressed thickness of the o-ring in the application.
Compression set for accelerated aged fluorosilicone study
This study involved the accelerated aging of fluorosilicone o-rings, hence direct comparison of compression set to force remaining is difficult. The reason is that at the elevated temperature, the o-ring will change in dimension due to coefficient of expansion. However, this can be corrected for based on some reasonable assumptions as highlighted below.
Suppose a 100 mil o-ring (room temperature diameter) was compressed to 75 mil at room temperature, then aged at 125 °C. After aging, it is released and then placed in an 80 °C oven for a day to physically relax. If it ends up at 87.5 mil, the simple set calculation would give a set of 
Using this correction approach (and the estimate for the coefficient of expansion) the percent force remaining at temperature can be compared to the corrected equilibrium compression set for the fluorosilicone o-rings used in the accelerated aging studies (Figure 14) . For each aging condition (a single value of % force remaining), set measurements were taken on each of the five o-ring segments removed from the aging jig, resulting in five set measurements for each force value. Although there is a fair amount of scatter, what can be clearly seen is a reasonable linear correlation between the two measurements. A line is drawn from 100%, 0 to 0, 100% to illustrate for the eye what would be a perfect straight line correlation. Use of the average set data (one set value for each force value) would give a better fit, however that is not done here to highlight the high degree of scatter possible from real world measurements. When field samples are returned, several compression set measurements are typically made by probing different positions on the o-ring so typical scatter is available. The observation in Figure 14 of an approximately linear relationship between compression set and sealing force reduction implies that the accelerated aging predictions of Figure 13 can be compared to surveillance compression set measurements obtained on similar fluorosilicone materials. This will be done in the next section of this report. It also should be pointed out that a linear relationship between compression set and force decay corresponds theoretically to a situation where the modulus of a material does not change very much as the material ages. Co. it appears that the o-ring (due to color) is most likely the Dow Corning compound (e.g. the one that is used in the accelerated aging study) but this fact can not be proven beyond a doubt. During surveillance activities, the compression set for these o-rings was obtained at Pantex. The measurements were taken at four locations on the o-ring (at ~0°, 90°, 180° and 270°) at two times after o-ring removal (at ~30 minutes and at 16-24 hours). We were able to obtain several of the older surveillance reports covering ~ 15 units from SLT-7, SLT-8 and SLT-9 (measurements taken in 1978-1980) that were in the field ranging from ~3 years to 7 years. The compression set values reported at that time averaged ~10% with a maximum value of 22.9%. Such low values of compression set alleviated any aging concerns. Unfortunately, the reports used an incorrect definition of compression set and the real values were actually ~4 times greater. These higher correct values imply a reasonable amount of aging occurred over a fairly short field exposure. We have also received some more recent Pantex data for two units examined in 1994 (6 years and 17 years exposure, respectively). Figure 15 plots the average compression set value for the four locations on each J-1, J-2 and J-8 o-ring for the above Pantex measurements taken 16-24 hours after removal from the weapon versus time in the field. The additional data at ~25 years came from 1997 Sandia measurements made on one of the dismantlement units described below several months after the o-rings were removed from the unit. surveillance units approximately 1 day after removal from the unit. The solid curve and the dashed curve come from Figure 13 and Figure 11 , respectively assuming a linear relationship between set and force decay.
It is clear from the results shown that the compression set increases fairly quickly with aging time. Assuming that the linear correlation between compression set and force decrease ( Figure 14 ) is approximately valid, we can transform the accelerated aging results of Figure 11 and Figure 13 into compression set predictions. The results are plotted in Figure 15 as a dashed curve (transformation of Figure 11 results) and a solid curve (transformation of Figure 13 results).
The dashed curve, based on the dangerous extrapolation of only the high temperature aging results, predicts very slow buildup of compression set values. The more realistic solid curve is in quite good agreement with the experimental results. Since the compression set values taken 1 day after removal are not at equilibrium, the equilibrium set values are likely to be somewhat lower than those shown in Figure 15 . In fact, in 1997 during the dismantlement of the W69, we were sent the J-1, J-2 and J-8 o-rings from several units which had been in the field for 15 to 25 years. Compression set measurements were recently obtained for these o-rings. Since these o-rings had sat at room temperature in unstrained conditions for the past ten years, the set measurements can be considered at equilibrium. The results from these measurements are shown in Figure 16 together with the predicted response from accelerated aging obtained from Figure  13 out to 80 years. These recent compression set results indicate that equilibrium set values change somewhat slower than the best accelerated prediction. Since the accelerated prediction indicates ~20% force remaining (80% set-see Figure 13 and Figure 16 ) after 80 years and the actual field results out to 25 years appear to change at a slower rate (Figure 16 ), these results give us good confidence in the long-term viability of fluorosilicone o-rings under room temperature conditions.
It is clear from the results of Figure 15 and Figure 16 that non-Arrhenius extrapolation (results of Figure 13 ) leads to a much more accurate estimate of the degradation rate than conventional straight-line Arrhenius extrapolation of high temperature data. Thus, as has been shown repeatedly, 1,2,6,7 curvature of Arrhenius plots to lower activation energies at lower temperatures is not only quite common but also consistent with long-term, real-time aging results. This again shows the power and necessity of running long-term accelerated aging experiments to temperatures as low as possible.
Compression set for silicones
Silicone elastomers are also frequently used for weapon sealing applications. Similar to fluorosilicone materials, silicone materials have always had a reputation for robust lifetimes at lower temperatures. These conclusions for both materials are typically based on oven-aging exposures conducted on mechanically unstrained materials, of limited relevance to sealing materials expected to perform under mechanical strain. Since fluorosilicone seals appear to degrade substantially faster than expected at room temperature, one might wonder if the same conclusion is operative for silicone seals. Although we have not conducted accelerated aging studies on silicone seals, previous Sandia work indicates that silicone seals do in fact degrade at rates similar to fluorosilicone seals at room temperature. The previous work conducted approximately 30 years ago by Ed Salazar and John Curro, collected a massive amount of compression set data versus temperature, time at temperature, time after release of strain and amount of strain. Part of the data from this study was analyzed in a memo dating back to 2001. 14 In this memo, Gillen graphed the compression set data measured 10,000 h after strain release versus aging temperature and aging time. (Figure 17 ). It is also interesting to note that the shift factors obtained for this data (shown on Figure  18) show the now familiar non-Arrhenius character with a drop in activation energy occurring as the temperature is reduced (Figure 19 ). The silicone data of Figure 18 can now be compared to the Figure 13 predictions obtained in this study. The force values obtained were correlated to the compression set values. Although the data was obtained by different groups, on different materials, with different cross sections, and predictions were made to 25 °C (instead of the 23 °C used in this study), the comparison of compression set to force percent resulted in a excellent correlation (Figure 20) . Thus it is apparent that silicone and fluorosilicone elastomers have similar degradation rates at low temperatures from a force decay/compression set perspective and similar non-Arrhenius behavior. As noted earlier, theoretical treatments expect such non-linear behavior when the modulus of the material changes substantially during the aging. 2 It would be interesting to follow the changes in modulus values for this material with aging to see how closely the theory predicts the results found in Figure 21 . In any case, these results demonstrate the caution that should be maintained when making general correlation statements about polymers. In this case, the conducting silicone o-ring material demonstrates very different behavior from the other materials discussed in this publication (possibly due to the high filler content needed to achieve the conductivity). Care must always be taken to understand the material before any predictions can be made.
Conclusions
This data from the current study validates that the technique developed for rapidly achieving the equilibrium sealing force for butyl material appears applicable to fluorosilicone materials. The over-compression methodology removes the physical component for fluorosilicone in the same manner as butyl material which suggests universality in this methodology for elastomers (the amount of time and over compression to achieve reasonably stable force values may vary with material). These samples were accelerated aged at various temperatures to gain insight into the force loss of the material as a function of aging temperature and time in order to aid in lifetime predictions.
Accelerated aging resulted in significant curvature when the time-temperature superposed shift factors were plotted on an Arrhenius plot. Comparison of force loss predictions based on using the non-Arrhenius extrapolation of the results are in reasonable accord with field-aged compression set results obtained on similar fluorosilicone materials. The results from both accelerated aging and field compression set results imply that the degradation of fluorosilicone seals occurs much more quickly than anticipated. The strong non-Arrhenius character of the data is consistent with numerous recent studies showing very similar non-Arrhenius character when data is taken over large enough temperature ranges. These results show the power and necessity of running long-term accelerated aging experiments to temperatures as low as possible.
Silicone compression set predictions at room temperature from old Sandia data correlated well with the room temperature sealing force predictions for fluorosilicones generated by this study. This implies that silicone seals have force degradation rates at room temperature that are similar to those found for the fluorosilicone. Although it is clearly advantageous to directly obtain the correlation between force decay and compression set, it is clear that as a first approximation, the compression set value can be used to approximate the sealing force.
Currently no future work is scheduled due to funding and time constraints. If future work were to be performed, it might involve such things as (1) modulus measurements versus aging time to test whether the theoretical relationship 2 can be used to explain the experimental correlations found between set and force loss in Figure 14 and Figure 21 , (2) accelerated force decay measurements on silicone o-ring materials as well as equilibrium compression set measurements and modulus versus time measurements to obtain lifetime predictions, correlations between set and force loss and tests of the theoretical relationship, and (3) density studies to see if there is a correlation between the density and the force loss. 
Silicone Seal Analyses
Recently you requested us to make estimates of lifetimes and remaining lifetimes of several silicone seals used in the W76. No information appears to be available concerning the type of silicone used for the seals and, in fact, available samples removed from MC3034 and MC3024 connectors after 9 to 17 years in the field are found to be white for the 17 year-old seals and red for the others. We have located some unpublished compression set measurements carried out ~30 years ago by Ed Salazar on an XE-5601 silicone seal material and carried out crude analyses of these old results in order to get a ballpark estimate of expected lifetimes. This memo summarizes our conclusions as well as compression set measurements made on the W76 seals obtained from the MC3034 and MC3024 connectors. Ed Salazar's experiments comprised compression set measurements made using fixtures and specimens per ASTMD-395. Samples were compressed to initial strains of 10%, 20%, 30% and 40%, placed in air-circulating ovens at 5 temperatures (room temperature, 65.6°C, 100°C, 121.1°C and 148.9°C) for times ranging from 6 h to 210 days. Upon extraction from a given aging condition (comprising initial strain, temperature and time), the strain was released and the sample recovery height was measured after 1 hour at room temperature and after 10,000 h at room temperature. Since the strains appropriate to the W76 seals of interest vary between approximately 20 and 45% and since degradation is usually most severe at higher strains, we analyzed Salazar's data for 40% strain. Figures 1 and 2 show the compression set results versus aging time and temperature for 1-hr recovery (Fig. 1) and 10,000-h recovery (Fig. 2) .
In general, compression set results are more difficult to interpret than compression stress relaxation measurements since the former depend in a complex manner on the interplay between scission and crosslinking, whereas the latter primarily reflect only scission events. In addition, both types of measurements are influenced by both physical (reversible polymer chain motions) and chemical (irreversible) effects which must be separated in a proper analysis. Although this is impossible in the present case, the presence of the 10,000-h recovery data will minimize the importance of physical effects. With the above in mind, we feel that an analysis based on timetemperature superposition (horizontal shifting of the curves by multiplicative factors that give the best overlap of the degradation curves) will lead to a semi-quantitative estimate of seal lifetime at room temperature. The results of this procedure lead to reasonably good superposition as shown in Fig. 3 (1-h recovery) and Fig. 4 (10,000-h  recovery) . The main difference in the two superposed curves is the expected observation that, at any time, the 10,000-h recovery results give compression set values less than the 1-h recovery. The differences average around 5 to 10%, reflecting the enhanced physical recovery expected for the longer recovery time. Clearly chemical degradation effects dominate compression set values above 20 to 30%. These results imply that the XE-5601 silicone compressed to 40% at room temperature will reach compression set values of around 70% after ~40 years. It is interesting to note that recent 40-year silicone seal compression set data reported by British workers (R. P. Brown and T. Butler, "Natural Aging of Rubber", Rapra Technology Ltd., 2000) were in excellent agreement with the predictions shown in There are several silicone seals of concern to the W76, used on connectors for the MC3347 isolator, the MC2912 AF&F and the CF2253 Load. The isolator seals are exposed to air whereas the other seals are in inert environments (no oxygen). We received seals from the MC2912 AF&F to evaluate. Three came from the MC3034 connector and three from the MC3024 connector. Details on the seals obtained and their colors are shown in the first two columns of Table 1 . The initial seal thicknesses are 44±2 mil and the seals were compressed to a minimum thickness of 25 mil, a nominal thickness of 30 mil and a maximum thickness of 34 mil. We measured the thickness of the 6 seals after they spent times in the field ranging from 9 to 17 years. Table 1 summarizes the field times and the measured thickness upon return from the field in columns 3 and 4. Columns 5 and 6 estimate the maximum compression set (C. S.) found (assumes an initial thickness of 46 mil compressed to 34 mil) and nominal C. S. (assumes an initial thickness of 44 mil compressed to 30 mil). It is clear from the results shown in Table 1 that little degradation is apparent for these six seals, much less than the 40-50% set predicted for the XE-5601 material exposed to air (see Fig. 4 ). However, because these seals were not exposed to air, degradation would be expected to be much less severe. If the predictions in Figs. 3 and 4 are reasonably accurate, they would suggest that room temperature silicone seal lifetimes in air should exceed 50 years. However, if a seal is removed after 10-20 years in the field and then reused in another unit for further field time, the range in possible compressed thicknesses could lead to little or no compression for the second cycle. For example, if a 42-mil o-ring (minimum size) is compressed in its first cycle to 25 mil (maximum compression) and has 50% set after 20 years, it would have a thickness of ~33.5 mil after its first cycle. If it were then placed in a unit with a minimum compressed spacing of 34 mil, the seal would start out without any compression. One way around this problem would be to measure seal thickness before reusing a seal. Only seals above a certain thickness would be reused.
It is also important to note that the rate of degradation of silicones from different manufacturers and different formulations will vary. As an example, silicone o-rings exposed for 20 years under inert conditions in the MC2854 Inertial Switch experienced nominal compression set values in the 30-40% range (memo from K. T. Gillen to G. T. Randall dated September 13, 1999) . These results are in reasonable agreement with the air-aging predictions shown in Fig. 4 , but quite different from the results shown in the Table. We therefore conclude that it is difficult to make sound conclusions on expected lifetime behaviors without having proper data (e.g., in air or inert environments as appropriate) on the particular silicone used in the application. Since this information may not be available, the best approach may be to obtain more seals from surveillance units to assess their condition. If a representative group of seals (including those exposed to air) show evidence of minimal degradation similar to that observed for the seals studied in Table 1 , confidence in the continued viability of the 
